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Abstract: Two magnetic drum systems are being constructed lay Engineering 
Research Associates of St. Paul for use with the Udriwind 
Computer. One of these, the auxiliary storage crura, vail be 
used for a large capacity storage to supplement electrostatic 
storage. The second system, the buffer drum, will be used to 
assemble asynchronous input date from multiple Inputs so that 
it can be later transferred to the computer when called for. 
Communication between these arums and the computer will be by 
way of the in«out register » Use of in-out control will be 
required and in this sense the drums will function as units of 
terminal equipment c /lthough other methods for integrating the 
• systems have been considered, the method proposed was chosen 
because of its relative simplicity. Two additional in-out 
orders are proposed to provide for block transfers between the 
drums and the computer making a total of five orders being 
involved in operation of units of terminal equijnent„ The 
modes of operation of the auxiliary drum are worked out in a 
fairly complete manner but many of the details of buffer drum 
operation still remain to be specified, Some flexibility in 
the design and construction of the buffer drum is being planneo 
to allow for integration of new types of inputs t:.nc outputs 
which may be desirable in the future. 



1 „ PKSCr iPTION CF Tii l. TWO DRU M S YSTE. .1S BFjKG BUILT W L.i'.A. 

At the present time Engineering Research Associates of Sto 
Paul is constructing two magnetic drum systems for use with the Whirlwind 
Computer,, These have been designated as the auxiliary-store ge-drum 
system and the buffer-drum system. The logical oesigns of ^hese two 
systems have certain significant differenceso A general description of 
these designs follows. 

1.1 Auxil i ary Storage Drum. 

The auxiliary-storage-drum system (auxiliary drum) is similar 
to a stanaard drum system such as E»RoA. used in their 1101 computer,, 
A simplified block ciagram of the auxiliary crum system is shown in the 
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attached drawing &A -f>C699 It has a total 'of 194 magnetic heads which 
ore divided for our purposes into groups of 16 heads each. There ere 
ti\3V3fore 12 l6~digit groups provided on this drum v/ith 'the ramcdzaiag 
v,;0 heads used for timing end brocket tracks. Ten additional heaus 
could be added later if desired. The drum is designed so that 2&4S 
pulses can be recorded in any one track arounc the circumference of the 
drum, giving a totaj storage capacity of 20£8 x 12, or 24,576 l6-oip.it 
registers. In selecting a arum register, angular position of the crum 
is determined by the angular position counter (APK) which covnts the 
pulses on a timinp channel, starting with a reference position determined 
by a pulse recorded in a bracket channel „ The selection of a particular 
register in a given group is done by comparing the contents of this 
counter v/ith the desired adores s read into 11 digits of the storr ge 
address register (SAF.)o' Selection of a particular group out of the 
12 groups is cone by a crystal matrix switch controlled by 4 flip flops 
Jn the storage aooress register* The complete selection of a particular 
register on the drum, then, is accomplished by inserting a 15-digit word 
into a storage address register, 11 digits of which are compared against 
the contents of the angular position counter and 4 digits of which ac- 
complish selection of the desirac group 

Tho auxiliary orum is provided with one set of 16 reading 
amplifiers and one set of 16 writing amplifiers^ The connection of the 
reacing amplifiers to the desired set of 16 heads is accompli shea by 
• low~level crystal gating at the inputs -of the amplifiers. The connection 
of the writing amplifiers to the desired set of heads is accomplished by 
relay switcliingo The writing amplifiers ara of the hard tube type so 
that, within a given field, writing can bo accomplished at each succes- 
sive angular position However, there is a duty factor limitation on 
this writing imposed by heating within the heads which limits the average 
speed of recording to every other drum position o In switching tho 
reading amplifiers from one group to another a wait period of ot least 
30 microseconds is necessary iis order for transients in the reccing 
amplifiers to dfe onto In switel ing the writing amplifiers from ono 
group to another a period of 24 mi Jli seconds is required to allow for 
operation of the relays which accomplish the writing-grouy selection*, 

1»2 Buffer Lrunu 

The buffer drum contains J 62 single heats divided into 10 
16-cigit groups, eno in adoition has 12 ouel herds which serve a specia.1 
function to be described later • i\ bloc! diagram of the buffer tirum is 
not included because interconnection of all the components in the system 
will not bo done by the manufrcturer* This is to allow efficient inte- 
gration of new inputs which may be needed at loter date, Cn .this 'drum 
sofarate writing amplifiers are provided for each of the herds in order 
to olimincte the relay switching v/hich is used in the auxiliary orum 
Selection of pcrticular group of hf-ocs for writing is accompli sh?x: by 
electronic switching and therefore can be cone without ceaty* At least 
2 and possibly 4 sets of reading amplifiers will.be provided since a 
single set of amplifiers cannot be ' ewi tcheci . between two or more groups 



Memorandum NU-1358 Page 3 



where reading from one of these groups to the computer is to take piece 
simultaneously with writing onto enothcr group from some external source. 
,.. cLiibi nation of drum groups which does not experience simultaneous 
reading and writing can be connected to a single set of reading ampli- 
fiers -and in such cases selection of the desired group will he accompliohec 
by low-level gating at the input to the amplifiers as was done in the 
auxiliary drum. 

The buffer drum will be provided with an angular position 
counter to indicate the present angular position and with a storage 
address register which can select a particular drum register. However, 
the counter and the coincidence detector used in this system will be 
designed for greater flexibility than is the case with the auxiliary 
drum. The angular position counter will have outputs capable of driving 
a crystal matrix so that a pulse distributor can be built to provide 
timing pulses that do not occur on every angular position,, Ydth this 
feature some interleaving of data on the drum can be accomplished,. 

There are some further differences in the buffer drum relating 
to the manner in which writing groups are selected and in which register 
positions for writing and reading are selected. The latter selection 
involves the use of dual heads in a special way which will be described 
later. 



2.0 PROPOSED USES 

2.1 Auxiliary Storage Drum. 

The auxiliary storage drum will be used primarily for storage 
of numerical data and computer subprograms* and hence transfers of 
information will take place only between the drum and electrostatic 
storage. Those transfers will trice place by way of the in-out register 
and in this sense the drum operates as a piece of terminal equipment. 
The transfers can be either single word or blocks of words. The block 
transfers will take place at nearly the maximum speed which can be achieved 
by ES and therefore are high speed transfers. Utilization of the crum 
in this manner will make it possible to store programs or other large 
sections of information for easy access by the computer. It does not , 
appear practical to arrange for this drum to communicate with other 
pieces of terminal equipment indepenoently of computer control because 
of the large amount of special control equipment that would be necessary, 

2.2 The Buffer Drum , 

The buffer drum is to be used for temporary storage of data 
which is being communicated, between tho computer and certain special 
types of terminal equipment* Principally it is to be utilized where 
input data is arriving in a random and asynchronous manner -from more 
than one source. In order to hencle data of this type without the use 
of some such buffer storage it would be necessary for the computer to 
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ba ready at all times to receive data and store it in ES. The buff er 
drum accumulates data of this" sort so that it is only necessary for the 
computer ' to remove. the information from the drum at relatively infrequent 
:b.iti-.rvals and at points in the computer program when it is convenient. 
to do go. 

Use of the special dual heads makes it possible to determine 
whether or not the data which has been placed in a drum register by an 
external input has been read to the computer. In this they provide the 
facility for locating "empty" registers for recording from the external' 
source and for locating "filled" registers when reading to the computer « 
The distinction between "empty" and "filled" registers is obteined by 
binary digits recorded on "stptus tracks" by the dual heads. Such a 
facility is necessary since both the reading and the recording are not 
under the control of the computer. 

The buffer drum may also be used for receiving information 
at a slow rate from inputs such as typewriters or teletype lines and 
later tr*nsf erring this information to the computer at a high rate by 
means of a block transfer* Conversely it could handle output information 
where the computer would perform the recording at its maximum speed; 
the information would then be read to an output device such as a type- 
writer at the necessary slow speeds. 



3o0 OPERATION OF TIE AUX11IAKY frE TO wlTH Yfol 

3.1 Consideratio ns Affecting Choice of Llethoo of Control . 

There are several factors which influence the selection of 
the control system which might be used with the auxiliary drum. The 
more important considerations are the following: 

1. Cost in equipment to be constructec . 

2. Ifficiency in use of comjiiter time. 

3. Simplicity from the programmer's viewpoint. 

4. Flexibility in modes of operation. 

Some of tho above are in conflict so the "best" design oust bo a compromise, 
Liscussicns of these points are given in the following paragraphs. It 
is obvious that the simplest control is most desirable from the stand- 
point of the engineering required to design, to install, to debug, and 
to maintain the equipment. 

The most efficient use of computer time occurs if the trepsfcrs 
between the drum and electrostatic storage aro carried out simultaneously 
with useful calculations. To achieve this type of operation would require 
two independent banks of IS and therefore is not fersitflc in i.7.1 A less 
efficient but more practical crrrn^ement for, Wul results v<hen the comyuter 
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program is held up only long enough for "the transfers required ? one is 
not hold up curing searching. For single wore transfers the latter 
facility is alreedy available in in-out control However, for block 
transfers, if the drum is connected as a piece of terminal equipment 
with the present in-cut control, it would be necessary for the computer 
to wait after ordering a transfer until the beginning of the block of 
information is located on the drum. On the average, then, there would 
be an 8-miliisecond wait at the beginning of each block transfer. To 
eliminate this wait, a control would be necessary which would allow the 
drum to break into the computer program at the time the cesired storage 
location on the drum is reached. This procedure would require an expan- 
sion of our present in-out control and a different type of in-out inter- 
lock. 

Since the purpose of the in-out switch is to permit a programmer 
to select many different pieces of terminal equipment, some of which 
have several different modes of operation, it is evident that the in- 
clusion of the in-out switch and the associated terminal equipment will 
make it more difficult for the programmer to learn to use the order coce 
fluently. In a sense, the addition of the in-out switch means an exten- 
sion of the control matrix from the present 32 orders to two or three 
times this number., This can easily place a large burden on the programmer, 
particularly if care is not taken to select the modes of operation in 
such a manner that they can be defined easily in the instructions for 
the code. 

The large number of possible positions of the in-out switch 
creates a tendency for one to arrange many different modes of operation 
for units of terminal equipment,. In the case of magnetic crums, if 
other considerations cid not prevail, it woulc be desirable to permit 
communication from the drum not only to the computer but also to other 
units such as punched tape, magnetic tape, and display scopes* 

3.2 P ossibl e Alternatives . 

There are two principal methods in which operation of the 
auxiliary drum with the computer might be obtained. First, the drum 
night be connected as a piece of terminal equipment in which transfers 
between the drum and the computer woulc be controlled by orders similar 
to those used for other types of terminal equipment,, second, a control 
might be designed, which would allow the drum to break into the computer 
program just before the desireo starting location on the drum reaches 
the heads. 

Each of these two alternatives has its own acvontages and 
disadvantage So The advantages of the first method are its simplicity 
and the ease with v/hich the drum can be integrated with in-out control, 
while its disadvantages are that some computer time is lost and that 
manipulation of the necessary control orders is somewhat burdensome for 
the programmer. The second; method eliminates most of the time lost by 
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the • compute? but requires a substantial amount of new circuit construc- 
tion and possiWy some changes in the presently planned control of 
•.u: -: : :mel units. Although the orders which co-.mand trrnsfers in tVds 
iiisthod might bo simpler for tho programmer to use, an additional comp- 
lication is introduced in determining whether a requested block transfer 
has been caxried out. In order to determine whether the transfer has 
been completed, so that the computer will not refer prematurely to an 
ES register whose contents are to be changed as a result of tho transfer 
process, it is necessary either to provice a special check order, which' 
increases programming worries, or to provide a complicated interlock 
which will stop the computer if an attempt is mede to refer to en kti 
register which is involved in the block transfer. 

There are several minor considerations in the choice of a 
control ' method which have been studied and in which alternatives exist. 
Principally v these involve the detailed functioning of the control orders 
which might be used* For example, in using the crum the following modes 
of operation might bo desirable: . 

I* Feac a block of information starting at the drum address 
alroady held by the drum address register,, 

2. Read a block of information from the drum starting at 
some new drum address. 

3» Head a block of information from a new drum address in 
a new group. This differs from the mode above in that it is necessary 
to switch the drum reading amplifiers from one group of heads to another, 

A. Read a single word from the drum from the address already 
in the drum address register. 

5* Foad a single word from a new drum address * 

6. Fead a single word from a new drum address and a new group 

7o Six additional modes similar to those above except record- 
ing operations rather than reading operations would be carried out. 

Various ways of providing the above modes of operation have 
been considered* The possibilities are to use oifferent settings of 
the in-out switch to specify the modes completely, or to use switch 
settings in conjunction with various reading and recording orders to 
identify the type of operation desired. The choice in this matter 
appears to depend both on the amount of equipment which is needed to 
provide all the necessary control signals in their proper time sequence 
as well as on the complications added to programming. For example, to 
use the setting of the switch to define whether there is to be a reading 
or a recording operation, and also whither it is to be a block transfer 
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or' a single wore transfer, , "would reduce the number of orcers in a program 
bit would' require that the number of CFO units on the control matrix 
i':rM {■•?■ -intly involved in in»out operations "be approximately doubled. 

3-3 Proposed Ins tallatio n. 

For the initial installation of the auxiliary drum it is 
proposed to use the first of the two alternatives described in section 
3<>2 in which the drum is connected to the present in-out system as 
another unit of terminal equipment <> This permits the most strright- 
forward design and appears to be the only one which we can reasonably 
expect to engineer within the period from now until the drums are to 
be Delivered, Its principal disadvantage of causing lost computer time 
is less objectionable as the capacity of KS storage is Increases • 

3.31 .'.lodes of Operation . 

The following modes of operation to be selected by the 
in-out switch are contemplated for the initial installation. 

la read from the drum register and group which 
is already selected by the drum storage address register (&AF0* The 
SAP. is connected so that it indexes to the next register after each 
transfer, so, if a new drum address is not specified prior to a transfer, 
the word will be taken from the register following that last referrea 
to. The distinction as to whether a single word^or a block is to be 
transferred is made by separate orders following the switch selection 
order. ■ ■ . • 

2. Read from a new drum register in the same 
group. This mode is identical to the one above except a nev; angular 
position on the drum is selected „ 

3. Read from a new drum register in a new group «, 
This is identical to the above motes except both a new group of heads 
and a new anguler position are selected. 

Three additional modes woulo also be provided to permit re- 
cording on the drum. These would be similar to the above modes except 
a recording rather than a reading function would be carried outo 

3.32 Orders Heeded . 

A total of five in-out orders will be required to control 
the drum operation* Of these the si, re, ana rd orders are essentially 
the same as those presently pj^nned for the new in-out system • Two 
additional orders to specif^ the block transfers are needed. Tentative- 
ly, these ere called bi (block input), and bo (block output). The 
principal functions of these orders will be^escribed in the following 
paragraphs with reference to the moces of operation outlined in section 
3.33 above. [ 
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3.321 si. The si order causes the ih-cmt switch to 

be set to the position designated by the address section of this order, 
l.z addition to selecting the drum, the switch setting ■ specifics csrtoin 
control functions that ere unique to the mode of operation called for. 
Consequently, an si order with a different address section is needed for 
each of the 6 nodes of operation listed in 3.31* In two of these nodes 
an ll«digit word must be read into the drum storage address register to 
specify a new angular position on the drum, and in two other modes a 
15-digit word must be supplied to the drum to designate both angular 
position and group. These words are supplied by a transfer from the 
accumulator during the si order. 3f the si order used, is one calling 
for a new drum adcress, it is evident the t the programmer must proviae 
the proper information in AG before the si order is performed. 

3.322 rd.. The £d order used following an si oroer 
specifies thet a single word rether then a block is to be transferred 
from the drum to the computer • It can be used following only those 

si orders whose address sections refer to reacing operations » A detailed 
analysis of the effects of improper sequencing of the in-out orders will 
be made the subject of a separate memo, but in general incorrect use of 
these orders will result in either an in-out alarm or an inactivity 
alarm. The address section of the ro oroer as presently proposed speci- 
fies into which F.S register the word will be put. 

Some alternative designs for the single-word-transfer oraers 
(rd and re) heve been suggested. These provice certain features which 
may be of value to programmers and therefore are being considered. 
It should be noted that changes in these orders will apply to ail ex- 
ternal units and not only to drums. The principal suggestions are the 
following: (l) Instead of transferring words between 1 OR and ES, the 
orders might transfer between 1CF. and AC since, in meny cases, single 
words will be processed by the computer in the interval of time between^ 
transfers. Adoption of this arrangement would require a change in the 
method proposed for supplying data to the display decoders. (2) If 
transfers were between 1CR and AC, the adcress section of the single- 
word-transfer orders might be used for shifting the contents of AC. 
At present there seems to be little advantage to such a feature. 
(3) Instead of (2) the address section might be used es a subprogram 
address *f a memory element were proviced in ICC to indicate whether 
or not an in-out process had been completed, and if the re ana rd orders 
were mace to function like cp orders. Essentially, this arrangement 
would serve the function of the present in-out interlock by preventing 
a program from proceeding boyonc a certain point until an in-out opera- 
tion hod been completed o In addition, it woulc meke it possible for a 
programmer to utilize computer time between in-out operations without 
detailed calculrtions of the actual time duration of his programs. 
(A) No study has been maoe of the amount of equipment needed to accomplish 
the ■jjype of operation described in (3) but if the equipment is oxcessive 
th^ some resulij might be qbtained more simply by the use of a special 
chock orcer in conjunction with the in-out orders. 
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3c 323 Mr The M order following on ai order calls for 
the transfer of a block of information from consecutive registers or* 
'■]::.) arum into consecutive registers in*ES« This order is aosigrrt-.i ■■v.-.th 
::c- vjrogram timing similar to the present ri order 3 end in feet v.-ll-. 1 . 
replace the ri order* Since ^ in a block transfer, it is no cogger to 
specify not only the starting address on the drum and starting addrese 
for ES ? bat also tho number of words which are to be transf erred =, soms 
moans must be provided for stopping the transfer process when the desired 
number of words have been read* To do this the in~out delay counter will 
be used to count the words which have been transferred. To specify the 
number of words ina block the programmer must insert this number into 
the accumulator before the bi order- is performed. Luring the bi oroer 
the contents of AC are read to the 10 delay counter 00 that it will 
produce an end-carry after the desired number of words has been read 
iiio As in the case of the rd order* the bi order can be used only 
following those si orders which involve reading operations*. 

There i's one important difference between the proposed bi 
order and 'the present ri order which is of interest to programmers. 
This difference is in the ?/ay in which the. computer returns to the 
proper point in its program follomng the block transfer* In the ri 
order, as or5ginal3y planned ? the storage' switch is indexed to select 
successive ES registers for the incoming words by counting in the pro- 
gram counter. Therefore , at the end of the transfer,, the contents of 
the program counter nave to be restored to the value that mil set up 
the storage switch to extract the next desired order from ES. In the 
bi order the contents of the program counter will bo unchanged during 
the block transfer process. To accomplish the necessary selection of 
successive ES registers for the words being read in^ the storage switch 
will be indexed in the following manner P Luring tho bi oroer the right- 
11 digits of the program register will be inserted into AC.., one wiii be 
added to this number in - AC, and the result will be read back to the 
program register for each of the words occurring in tho block transfer. 
When the 10 delay counter end-carry occuro 5 which signifies the end of - 
the block transfer, the control matrix vail be switched to program tim- 
ing on the proper time pulse s one will be added to the contents of the 
program counter t, ano the next order vrf.ll be automatically extracted 
from storage. At the end of the bi order, then, the A-rsgister wi'il 
hold the address of the last ES register read into and the accumulator 
will hold the same number plus one. This information is of no parties-' 
ular value in the case of block transfers from the auxiliary drum whore 
the block length is known, but it can be utilized in one mode of reading 
from the buffer drum. If one wishes to read the information from all 
the "filled 85 registers in one section of the buffer drum,, the 10 delay 
counter can be used to determine when the desired section has been 
scanned and tho contents of the accumulator then voulu show how many 
filled registers were found e 

3.324. re. The re order takes a single woro from the. 
ES register specified by the address section of this orcer.'end places 
it in the in-out register so that it may be recorded on the drum. 
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The drum address where this word will be placed is provided by the si 
order as has been oescribed in section 3.321. An si order specifying 
a recording operation must precede these re orders* 

3.325 bo. The bo order following en si order culls for 
a block of information to be recorded on the drum. This order must ba 
handled in a manner similar to the bi order. That is, a number must 
be placed in the accumulator before this order occurs so that the in- 
cut delay counter will be set up to count the number of words in the 
block. The address section of the bo order specifies the starting IS 
register, while the number transferred from the accumulator to the drum 
storage address register during the si order specifies the starting 
drum adoress. The bo order also has. no profram taming and indexing of 
the storage switch is accomplished by transfers between PR and /.C with 
counting done in i\C. 

3.33 Typical Order Sequences . 

To illustrate the use of the orders cescribed above seme 
typicei sequences of orders will be given, 

3*331 Beading a Sinple V.ord from the Pram . If the 
mode of operation desireo is to read the word from the drum register 
which is already contained in the drum storage adaress register, no 
transfer from the accumulator to the storage address register takes 
place on the si order and the sequence required for each wore read / 
Ss si, rd. If the mode of operation desired is one in which a new 
drum register is to be specified, the si order in the above sequence 
must be preceded by a ca order to insert the proper drum address in 
the accumulator. The si order initiates the reading operation ano, as 
soon as the proper drum address is located, a single word is transferred 
to the in-out register. The rd order can then take this word end trans- 
fer it to the ES register specified by the address section of this 
order. To read several words from the arum it is necessary to program 
a separate si. for each transfer. Since the drum storage address regis- 
ter inoexes to the next position after each read operation, one can get 
words from the consecutive drum addresses without the necessity for 
specifying each address with a word placed in the accumulator. However, 
these consecutive words would come approximately 16 milliseconds apart 
since it would require a drum revolution to locate each new address. 
The wait period comes between the si anc the rd orcers so that computer 
time is not lost provided at least 16 milliseconds of program is inter- 
spersed between these two orders. 

3.332 Recording Single Yfords . The sequence of orders 
for recording single words is si, re. As in the case of reacinf, the 
si must be preceded by a ca order if the drum address desired is not 
the one presently held by the drum storage address register. In the 
case, of recording, however, words may be placed in successive drum j 
registers without repeating the §i order for each transfer. A recording 
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operation is initiated ty the re order whereas a reading operation is 
initiated by the si rather than the rd order, 2n recording a sequence 
o.t single words at successive drum addresses,, at least a 16-milliseccnd 
interval must occur between successive re orders. In this case the 
wait period follov/s the re order rather than the §i order. 

The differences in handling the orders for single-word reading 
end for single-word recording are a source of confusion to a programmer, 
Although it is possible, to design a control so that the need for repeated 
si orders during reading is eliminated, the arguments thus far presented 
for this do not seem to warrant the increased complexity in the control 
that would result if the change were made. 

3-333 reading a Block from the Lrum . If it is cesirec 
to read N words from the crum starting at drum register L ana to place 
these words into ES registers starting at register E, the following 
sequence of oroers would be necessary: 

ca EC(L) 

sk — 

ca FXJ(N) 

to E 

The first order in this sequence transfers the drum starting 
address 1 into the accumulator,, On the following si order this aodress 
is transferred to the drum storage address register and the reading 
mode of operation is selected,, Cn the third order the number of words 
contained in the block is inserted into the accumulator and on the* 
last order this number is moved to the in-out delay counter ano the 
block reacing operation is initiated * The computer must be stopped 
at this point since the desired d.rara starting address may come up im- 
mediately* However, it is equally possible that this starting address 
has just been passed so that a 16-millisecond wait is necessary© There- 
fore, on the average it will require 8 railliseconcs to locate the desired 
starting address while accomplishing block transfers from the drum. Once 
the drum starting aodress is located, the transfers of successive words 
take place at 64-nicrosecond intervals,, This time interval is obtained 
by arranging the address location circuits of the drum so that successive 
adresses refer to drum positions which are physically 8 registers aparto 
This interval was chosen as Veing the most convenient value to obtain 
which would allow ES to operate at approximately its maximum speed 
Since the bi order contains no program timing pulses, no further orders 
in the program are executed until the block transfer is over* After 
eaph word is transferred both the program register and the drum storage 
address register are indexed to handle the next transfer. When the 
desired number of words have been reao in, pn end-carry pulse from the 
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in-out delay counter operates to terminate the bl order and swatches the 
control, matrix back to program tinting so that the next order in the 
pre;. .-am vdil be executed. 

3,334 Recordings m Block on. .the, Drum. The sequence of 
orui3.v;3 for recording a block oi' information on the almoin is the same r?j 
for reading a block except the si order used must hove an address which 
specifies a recording mode of operation, and the bo order is used in 
ploce of the bi. order. As in the case of the block-reading operation 
the computer must be ^stopped on the bo order to allow for the possibility 
that the starting drum address will be located immediately. 



4«° OPEMTION OF TIIL DUFPI Jl PHn .1 WITH Y.Vfi . 

The details of how the buffer drum will be integrated with 
the computer have not been completely developed as yet 8 However,, certain 
functions which must be accomplished are clear so that some observations 
on the use of this drum are possible. Because it is provided with a 
small' number of dual heads many mora possibilities exist for correcting 
this drum with various pieces of terminal equipment and with the computer. 
Only a few of the most likely types of connection -fall be described in 
this memo a < . 



ty.g 



1 Asynchronous Beta from Multiple I nput s. 



Since the main purpose of the. buffer drum is to act as tem- 
porary storage for data whicji mry arrive at the computer in a random 
fashion from a number of sources; a consideration of the use of the 
buffer dxum for this purpose will be discussed first,, Two broad class- 
ifications of this asynchronous type of data can be made. First , that 
which arrives from a given input at a rate higher than one piece per 
drum revolution, and second 9 that v/hich comes at intervals greater than 
the drum rotation period,, For the purposes of this memorandum- these 
are referred to as high-cat a -rate inputs and low-data -rate inputs, 
respectively. 

/>«,!! iligh~Data--I.ete 1 nruts . 

When information is arriving more often than once etch 
drum revolution, it is impossible to record this information at a specific 
drum location,, To hanolo data of this type it is planned to make use of 
the dual heads to determine v/hether or not a given drum register contains 
information which is later to be read to. the computer Lech piece of 
new data will be recorded in the first empty register which is located 
>mc the process allowed to continue until e reasonable number of regis- 
ters have bean filled or until the ccmpiter is able to extract this 
information from the arum for use inside the computer. By providing 
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two dram storage groups such that the inputs are alternately switched 
from one group to another, it is possible for the computer to have 
'; !■::•::?. 2S .to recorded information without interrupting the recordist pro- 
cess, If an arrangement 3s made to switch the recording from ono field 
to another sufficiently often, then the probability that there will 
always be an empty register in which to put each incoming piece of 
information will be. high. 

The problem of handling multiple inputs having data of this 
sort will be taken care of by interleaving information from the various 
inputs in the drum registers of a given group* For example, with eight 
inputs, every 8th register in a group will be assigned to the same 
input. (Lata from a given input must be put at least 8 drum registers 
apart to allow time for operation of ES during block reading.) The 
number of inputs which can be interleaved in one drum group is deter- 
mined by the minimum time interval between successive pieces of data 
on a given input line and the rate at which the inputs are switched to 
another fielo so that the computer can extract information from the 
first field; i.e., the number of drum positions which pass under the 
recording heads during the interval between pieces of data, and the 
total number of pieces of input data that arrive between reading opera- 
tions to the computer determine the probability of finding an empty 
register for the information., 

If the number of inputs that must be hancleo exceeds the 
number which can be interleaved in one group, then these inputs can 
be divided among two or more groups for simultaneous recording. For 
each such division of inputs, actually two cmm groups are requirec 
in order to permit the computer to extract information without inter- 
rupting the recording process. 

It will be noticed that most of the recording functions for 
the system described above (i.e., selection of register for recording, 
transfer of information to the drum, and interleaving of multiple in- 
puts) are accomplished independently of computer control* The computer, 
however, does govern the reaoing processes in a manner similar to that 
used with the auxiliary drum. One principal mode of operation appears 
to be required: i.e., read all new information that has arrived from, a 
given input* This wi31 be a block transfer in which the dual heads 
function to locate registers containing new information and in which 
the address supplied by the computer governs which group is selected 
and which of the interlaced registers in a group will be scanned. 
Cther than to specify which input is involved, the starting drum address 
is immaterial, and the- block transfer is terminated after the drum has 
made one complete revolution. This point is determined by counting 
drum timing pulses in the 10 delay counter. 
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Other reading modes which may bo useful are (l) reading a 
given number of words? or (2) starting at a given address, reading 
consecutive registers until an empty one is found. The latter mode 
applies to low-data -rate inputs described below. 

4*12 1 ow-Data -I .ate 1 nputs . 

Information which arrives at the computer at a rate less 
than the frequency of drum revolutions can be handled so that each piece 
of information is put on a precetermined location on the drum Since 
it is desired that recoraing of this input cata will not involve computer 
control in any way, the use of the standard drum adaress system (SAP) for 
locating the cesired recording position is prohibited, However, the dual 
heads can be used effectively to arrr nge successive pieces of input 
information in consecutive drum registers- This would be done by building 
a control which woulc require that a recording take place in the first 
empty register following a filled. one, or* in the case of the first piece 
of information to arrive, following some reference position* Lxamples 
of data that could be handled this way are, those from typewriters , tele- 
type lines, or photoelectric reaoerso 

As in the case of the inputs ciscussed in the preceding section, 
more than one low-data -rate input can be handled by interleaving their 
information in the registers within a single group. In order for the 
computer to collect the aata corresponding to a given input, it is 
necessary only to call for a block read-in of the data found in the 
drum registers corresponding to that inputo 

4»2 Buffer Storrpe for Outputs o 

A dual-head control channel appears to be useful to permit 
operation of lovz-data-rate outputs such as typewriters or teletype 
sending equipment from data recorded on a drum These heads would 
function to select the first filled register following an empty one 
and in this manner cause successive v/oros to be read from consecutive 
drum registers. The output data would be recorded on the drum by a 
block transfer from F,S so the above scheme constitutes an excellent 
speed-changing mechanism for matching the slow speeds of typewriters 
and teletype equipment to the high speeds of ES„ 

Ao3 Other Uses of the Buffer Lr umo 

4o31 Storage f or Xisplay<, 

Some consideration has been given to the use of one or 
more groups on the buffer drum for storage of data to be displayed on 
a scope. This application is suggested by the fact that the periodic 
reappearance of a given piece of data under the reading heads on the 
drum would satisfy the requirement for repeated intensification of an 
elementary spot ij.n a scope display In this manner a persistent display 
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pattern conic be obtained without having to recalculate all the spots 
periodically or. to rely on cathode ray tubes with long persistence 
phosphors. 

Several problems appear to be involved in the design of such 
a display system and at present they seem to outweigh the advantages 
that might be gained. Some of the disadvantages are: 

(1) Only a relatively small amount of data could be recorded 
in one group if a complete display were to be obtaineo each drum revolu- 
tion. Two words would heve to be recorded for each spot and pairs of 
words would have to be spaced apart to give ti me for ES operation during 
recording and for scope intensification. 

(2) Increasing the storage capacity to improve (j) would mean 
consicerr' le additional equipment. If two groups were used to record 
the two elements of display data, an additional set of drum reading 
circuits would be necessary. If data were interlaced and more than 
one drum revolution used to give a complete display, the control cir- 
cuits would be somewhat more complicated. 

(3) Ar. additional set of deflection Decoders would be required 
to operate the display system. 

4*32 Acd i ticnal Auxiliary Storage for the Compute r. 

Convenient handling of asynchronous data such as is Des- 
cribed in sections 4«1 and 4. 2 cannot be done without the use of dual 
heads. Since only 12 of those heads will be suppliec and these must 
be used in pairs, it is apparent that a few groups on the buffer drum 
will be available for use in a manner identical with those on the aux- 
iliary drum. Such a provision may offer advantages to a progrrmmer 
other th8n a simple extension of the auxiliary storage capacity. Some 
points for consideration- are the following. 

(1) The heads in the buffer drum have electronic switching 
of their writing circuits so new groups can be selected without the 
2U millisecond wait required in the auxiliary drum. 

(2) With physically separate drums, one can have two drum 
groups to refer to without the necessity for switching groups. 

(3) If it is aesired to refer to single registers in succession 
so that drum addresses would not have to be specified, one can have two 
fields for this, either for reading, for recording, or for reading and 
recording. • >*-\ a 
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